multiple regression analysis showed that age contributed 7.6 % on plasma vaspin level. Conclusion Vaspin level increased with ageing, independent of sex, indices of glucose metabolism, lipid profile and other markers of adiposity.
Introduction
Adipose tissue, previously perceived to be a storage reservoir of fat, is now recognized as an active endocrine organ [1, 2] . Adipose tissue secretes a number of adipocyte-specific cytokines (adipokines), which played important roles in the process of the metabolism, inflammation, cell proliferation and apoptosis [3, 4] . Ageing is correlated with an
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Purpose Visceral adipose tissue-derived serine protease inhibitor (vaspin) is an adipocytokine with insulin-sensitizing effects. Accumulating data implied that vaspin represents a compensatory mechanism but it is unknown how vaspin change during ageing. This study was designed to examine the correlation between plasma vaspin and age in a group of normal Chinese people. Methods A total of 191 Chinese volunteers aged 19-80 years were enrolled into four groups based upon age quartiles (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) , 36-50, 51-65 and 66-80 years). Demographic, anthropometric, metabolic covariates, vaspin and adiponectin were measured. The influence of age on plasma vaspin was analysed using SPSS 13.0. Results Vaspin increased with ageing, with mean vaspin levels (ng/mL) of 1.01 ± 2.25, 1.67 ± 2.95, 2.05 ± 3.46 and 2.40 ± 3.06 for those between quartile ages 19-35, 36-50, 51-65 and 66-80 years. When divided into subgroups, vaspin increased with increasing age for both sexes, both insulin resistance and non-insulin resistance subjects and both obese and lean subjects. In univariate analyses, vaspin plasma level positively associated with age (r = 0.215, p = 0.003), adiponectin, insulin, homoeostasis model of assessment for insulin resistance index and waist-hip ratio in the whole population. The correlation between ageing and increasing vaspin remained significant after multivariate adjustments for factors such as sex, body mass index, waist-hip ratio, indices of glucose metabolism, white blood cell, lipid profile and adiponectin. Stepwise increase in fat mass and a redistribution of adipose tissue from peripheral to central fat depots [5] . Adipokine dysregulation, as a common ground for insulin resistance, is also paradoxically correlated with lipodystrophy and lipoatrophy with ageing [6] . A recent study, which used centenarians as a model of healthy ageing and longevity, also suggests that adipose tissue excess as well as its ageing would regulate the expression of adipokines [7] .
Vaspin is an interesting adipocytokine with insulinsensitizing effects [8] [9] [10] . Accumulating data implied that vaspin represents a compensatory mechanism in the development of obesity and metabolic disorders [8, [11] [12] [13] . Upregulation of vaspin may have a protective effect against insulin resistance [9, 10, 14] . Central vaspin administration leads to reduced food intake and has sustained blood glucose-lowering effects [15] . As basic studies reported, it could suppress the expression of several inflammatory factors such as tumour necrosis factor (TNF)-α, leptin, resistin and adiponectin [10, 16] , inhibit TNF-α-induced expression of adhesion molecules in vascular smooth muscle cells and blunt later lymphocyte adhesion [17] , inhibit proliferation, chemokinesis and reactive oxygen species production of vascular smooth muscle cells [18, 19] , and also protect vascular endothelial cells against free fatty acid-induced apoptosis [20] . Improved insulin resistance, attenuated inflammation and anti-apoptosis suggest that vaspin has a protective function.
Although previous studies suggested there may be some correlation between age and circulating vaspin level, the results were ambiguous and indefinite. Some have shown an age-related increase [13, [21] [22] [23] [24] , whereas others found no effect [25, 26] or even an age-related decrease [27] in serum vaspin concentrations. The contradiction may due to different experimental design and study population with narrow-spectrum ages. This paper was designed to examine the correlation between plasma vaspin level as a continuous variable and age, in a well-characterized, wide age-ranged, healthy group of Chinese people. We also determined whether any age-related changes in plasma vaspin were explained by metabolic syndrome components, adiposityrelated biomarkers such as BMI, waist-hip ratio, adiponectin and insulin.
Methods

Study population
The subjects included 191 individuals (106 men and 85 women) who underwent complete medical check-ups at the Physical Checkup Centre at Shanghai Tenth People's Hospital (China). The subjects included in this study were representative of normal Chinese people because they were patients who had not attended our hospital, who had no apparent disease that required hospital admission, and people were all ages and occupations. People who were diagnosed as diabetes mellitus, hypertension or dyslipidaemia, or receiving any medications that affect blood pressures, body weight, glucose and lipid levels were excluded. Subjects were considered to have hypertension if they had a mean systolic blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg and/or used anti-hypertensive medications. Diabetes was diagnosed according to the WHO criteria. Exclusion criteria for all study participants also include smoking, pregnancy, acute infection, hepatic dysfunction or renal dysfunction, neoplasm, haematologic disorders. Those who consumed at least one cigarette per day were considered smokers. Subjects who had never or stopped smoking during the last 12 months after years of smoking were considered non-smokers. All study participants were given written informed consent, and the study protocol was approved by Shanghai Tenth Hospital's Ethics Committee.
Anthropometric and clinical assessments
All study participants underwent a standard clinical examination. A trained interviewer gathered information regarding medical history and current medication use. Height and body mass were recorded using a stadiometer attached to a scale. Weight was obtained with participants wearing light clothing and no shoes. Waist circumference measurements were made using a cloth tape measure at the level of the umbilicus. Hip girth was measured as the horizontal circumference at the broadest part of the lower body, usually at the level of the trochanters. BMI was calculated as weight divided by the square of height. In the present analyses, we assigned individuals to non-obese and obese subgroups based on a modified cut-off value of BMI ≥ 25.0 kg/m 2 for classification of obesity from an Asia-Pacifica perspective. The index of insulin resistance was assessed using the homoeostasis model of assessmentinsulin resistance [28] (HOMA-IR), as HOMA-IR = [fasting insulin (μU/mL) × fasting glucose (mM)]/22.55 [29] . Insulin resistance (IR) was defined as the levels of the HOMA-IR greater than 2.55 [29] .
ELISA assays and biochemical investigations
5 mL whole blood samples is obtained from all of the normal subjects before their medical check-up (more precisely, it was after overnight fast), in tubes containing EDTA for adipokines and biochemical investigations. Blood samples were centrifuged at 1000g for 10 min. Plasma specimens were then frozen and stored at −80 °C until analysis. Human total adiponectin (R&D Systems, Minneapolis,
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USA) and vaspin (Adipogen, Seoul, South Korea) plasma levels were measured with ELISAs which had been reported previously [26] . Fasting insulin concentrations were measured with a commercially available ELISA immunoassay kit (ALPCO Diagnostics, Salem, NH, USA). White blood cell count, high-sensitive C-reactive protein (hsCRP), fasting plasma glucose (FPG), alanine aminotransferase (ALT), blood urea nitrogen (BUN) and lipid profiles including total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), uric acid (UA) and creatinine (Cr) were measured by colorimetric enzymatic assay systems (Roche MODULAR P-800, Swiss Confederation).
Statistical analysis
Subjects were divided into four groups based upon age quartile (19-35, 36-50, 51-65 and 66-80 years). Continuous variables were described as mean ± SD. Categorical variables were presented as frequencies. Normal distribution was verified with the Kolmogorov-Smirnov test. All variables were checked for normality and subjected to log10 transformations, if necessary, prior to statistical analyses, but the actual data were presented. Comparisons between groups were made using unpaired t tests, ANOVA or a nonparametric Mann-Whitney U test when appropriate. Chi-square test or Fisher's exact test was employed for nonparametric data. Spearman's rank correlation test and multiple linear regression analyses were used to determine the degree to which the variance in plasma vaspin levels can be explained by single factors. A two-sided probability level of ≤0.05 was taken as significance. All analyses were done with SPSS for Windows 13.0 (SPSS Inc, Chicago, Illinois, USA).
Results
Subjects characteristics
The basic characteristics of the participants are shown in Table 1 . There were 191 study participants that contained 106 men (55.7 %) and 85 women (44.5 %). Mean ± SD age of the participants was 50 ± 17 years, ranged 19-80 years. Average of vaspin and adiponectin was 1.78 ± 2.99 ng/mL and 11.79 ± 8.91 μg/mL, respectively. The subjects were enrolled into the following four groups based upon the age quartiles: 19-35 (n = 48), 36-50 (n = 47), 51-65 (n = 48) and 66-80 (n = 48) years. Gender, lipid profile, hsCRP and insulin showed no difference among different age groups. BMI, waist-hip ratio, FPG, IR prevalence (IR in Table 1) , HOMA-IR, both systolic and diastolic blood pressure were increased with age.
As expected, in total population analysis, mean circulating vaspin levels were significantly higher in IR group (2.56 ± 3.69 ng/mL) compared non-IR group (1.48 ± 2.62 ng/mL) (p < 0.01) (Fig. 1b) and higher in females (2.01 ± 3.10 ng/mL) compared with males (1.61 ± 2.91 ng/mL) (p < 0.05) (Fig. 1c) .
Plasma vaspin concentrations increased with age
For all participants combined, plasma vaspin levels increased with ageing (Fig. 1a) , from 1.01 ± 2.25 ng/ mL for those aged 19-35 years to 1.67 ± 2.95 ng/mL for those aged 36-50 years, 2.05 ± 3.46 ng/mL for those aged 51-65 years and 2.40 ± 3.06 ng/mL for those aged 66-80 years (r = 0.251, p < 0.001). When divided into subgroups, same trend had been found in both sexes (Fig. 1c) , both IR and non-IR subjects (Fig. 1b) and both obese and lean subjects (Fig. 1d) . As expected, plasma adiponectin were correlated with increasing age in total (Table 1) or sex-specific analyses (data not show).
Extremely elevated vaspin ascents with age
Using extremely elevated vaspin cut-off values of 7.66 ng/ mL (90 % cut point found in this study), the prevalence of extremely elevated vaspin was lowest in the 19-35 year age group at 6.3 % (3 patients), then subsequently gradually ascents to 8.5 % (4 patients), 12.5 % (6 patients) and 14.6 % (7 patients) for each progressive age subcategory (r = 0.150, p = 0.038) (Fig. 1e) .
Correlation of vaspin with baseline clinical variables and other biomarkers
In univariate analyses, vaspin plasma level is positively correlated with age (r = 0.215, p = 0.003), adiponectin, insulin, HOMA-IR and waist-hip ratio in the whole population (Table 2 ). In HOMA-IR-specific analyses, vaspin plasma level is positively correlated with age (r = 0. 285, p = 0.002), TC, LDL-C, ALT and HOMA-IR ( Fig. 1 ; Table 2 ) in non-IR group, while, in sex-specific analyses, vaspin plasma level is positively correlated with age (r = 0.356, p = 0.001), ALT and adiponectin in women, and is positively related to insulin and HOMA-IR in men ( Fig. 1; Table 2 ). In lean subjects, vaspin plasma level is positively correlated with age (r = 0.311, p < 0.001), waist-hip ratio, TC, LDL-C, FPG, ALT, adiponectin and HOMA-IR, while in obese subjects, it is correlated with FPG ( Fig. 1; Table 2 ) negatively.
Standard multiple regression analysis of vaspin plasma level
The results of a stepwise multiple regression analysis with vaspin as the dependent variable and age, BMI, waist-hip ratio, insulin, adiponectin, HOMA-IR, FBG, WBC, triglycerides, HDL-C as independent variables are presented in Table 3 . Model 1 evaluates the effects of BMI and waisthip ratio on plasma vaspin levels, which explained 17.1 % of the variance in vaspin levels. In Model 2, indices of glucose metabolism were introduced into the regression analysis which explained an additional 8.6 % on plasma vaspin level. In Model 3, adiponectin, WBC and lipid profile were additionally explained 10.2 % on plasma vaspin level. And in Model 4, age was additionally introduced into the regression analysis to evaluate the combined effect on plasma vaspin concentrations, which altogether explained 43.5 % of the variance in vaspin levels, with age contributing 7.6 % on plasma vaspin level.
Discussion
In this population-based, wide age-ranged, normal group of Chinese people, plasma vaspin concentration increased with ageing for both sexes, both IR and non-IR subjects and both obese and lean subjects. The correlation between rising age and increasing vaspin remained significant even after multivariate adjustments for factors such as sex, BMI, waist-hip ratio, indices of glucose metabolism, lipid profile and adiponectin. The prevalence of extremely elevated vaspin was also increased with increasing age quartiles. These results suggest that the age-related increase in plasma vaspin levels is a common phenomenon in normal subjects and that age was an independent predictor of plasma vaspin level.
Ageing is related to fat redistribution, which is characterized by loss of peripheral subcutaneous fat and accumulation of central fat. Age-related fat loss or lipoatrophy is a major factor for adipose tissue dysfunction in centenarians [7] . Moreover, adipokine dysregulation is paradoxically correlated with lipodystrophy and lipoatrophy with ageing [6] . Increments in fat mass especially visceral fat and hyperinsulinemia may modulate vaspin expression and release [8, 9, 12] . In analysis of our population characteristics, BMI, waist-hip ratio and adiponectin increased with age, suggesting that central obesity increased with age. Since plasma vaspin significantly correlated with age, waist-hip ratio, fasting plasma insulin concentration and HOMA-IR, it is conceivable that with ageing, which is typically associated with alterations in body fat distribution (increased proportion of visceral fat) and insulin resistance, vaspin expression would be up-regulated. In addition, vaspin levels were found to be significantly correlated with some markers of lipid metabolism such as TC, TG and LDL-C, which indicates that vaspin may be induced by dyslipidemia as a compensatory mechanism, especially because vaspin is an adipokine secreted by adipocytes. The latest literatures reported that vaspin could activate cell surface GRP78 complex [30] . And GRP78 expression and activity are declined with ageing [31] . So another possible interpretation for the age-related increase in plasma vaspin levels is positive feedback due to downregulation or resistance of vaspin receptors with age, but we could not measure vaspin receptors in this study to investigate this possibility. It has been reported that vaspin levels are negatively correlated with serum follicle-stimulating hormone levels, sex hormone-binding globulin levels and positively correlated with free androgen index in women with polycystic ovary syndrome [27] . Our present study found that plasma vaspin increased in both males and females but to a smaller extent in males. The sexual dimorphism in the levels of circulating vaspin also had been found previous study [12, 21, 26] . Therefore, another plausible explanation of the age-related increase in plasma vaspin levels is a decrease in sex hormones with age. Our finding that plasma vaspin levels were significantly increased in subjects >50 years old supported this hypothesis.
Ageing is often accompanied by reduced insulin sensitivity. A relationship between vaspin with insulin and HOMA-IR was observed in the current study. Previous study also reported that circulating vaspin levels is significantly correlated with insulin sensitivity in subjects with normal glucose tolerance [12] and in obese children [8] , suggesting a defensive role of vaspin against insulin resistance. The reported insulin-sensitizing effect of vaspin on adipose tissue supports this possibility [10] . Previous studies reported that vaspin suppressed the expression of several inflammatory factors, such as tumour necrosis factor (TNF)-α, leptin and resistin [10, 16] . It also attenuated TNF-α-induced p65 phosphorylation, reduces intercellular adhesion molecule-1 expression and reactive oxygen species production, inhibits vascular smooth muscle cells proliferation and chemokinesis [17] [18] [19] , increased nitric oxide bioavailability in vascular endothelial cells [32] , and protected vascular endothelial cells against free fatty acidinduced apoptosis. Thus, high plasma vaspin levels in the elderly might have numerous beneficial effects because inflammation, atherosclerosis and apoptosis are advanced with age. Vaspin was positively associated with adiponectin. Higher adiponectin levels are related to the longevity. However, it is still unclear whether higher plasma levels also related to the longevity.
The strengths of this study include the use of a populationbased, wide age-ranged, well-characterized group of normal people. Some limitations should be considered in this study. Firstly, this was a cross-sectional rather than a longitudinal study. The cross-sectional design made it difficult to determine the causality of observed relationships. In addition, we did not assess habitual physical activity and menopausal status, which may affect vaspin and adiponectin levels.
In conclusion, vaspin level was not constant, but increased with increasing age, independent of sex, indices of glucose metabolism, surrogate markers of adiposity, lipid profile and other markers of adiposity such as adiponectin. On the basis of these results, vaspin might be used as a predictor of cardiovascular disease in the future; we consider that clinicians should take into account agerelated changes in plasma vaspin levels when interpreting a patient's plasma vaspin level in clinical practice.
